We present a strategy based on two-dimensional arrays of coupled linear optical resonators to investigate the two-body physics of interacting bosons in one-dimensional lattices. In particular, we want to address the bound pairs in topologically non-trivial Su-Schrieffer-Heeger arrays. Taking advantage of the driven-dissipative nature of the resonators, we propose spectroscopic protocols to detect and tomographically characterize bulk doublon bands and doublon edge states from the spatially-resolved transmission spectra, and to highlight Feshbach resonance effects in two-body collision processes. We discuss the experimental feasibility using state-of-the-art devices, with a specific eye on arrays of semiconductor micropillar cavities.
I. INTRODUCTION
The Hubbard model is one of the most prominent theoretical models in physics. Since the early days of quantum condensed matter, it has been extensively applied to the study of the electronic properties of solids [1] [2] [3] . More recently, it has been extended to the description of ultracold atomic gases in optical lattices [4] . In spite of its formal simplicity, the Hubbard model is able to capture most many-body properties of fermions and bosons in lattices, including superconductivity and magnetism in Fermi systems and, in the bosonic case, the superfluid to Mott insulator quantum phase transition [5 and 6] . One of its key features is that it can be straightforwardly extended to include additional bits of physics, e.g. different geometries and dimensionalities [7] , mixtures of several species [8] , long-range interactions [9 and 10] . When non-trivial hopping coefficients that break time-reversal symmetry are introduced, the resulting effective magnetic field experienced by the atoms can lead to topological lattice models showing exotic many-body states [11] [12] [13] .
In the last decade, the same Bose-Hubbard model has been exported to optics, so to describe arrays of coupled optical resonators showing sizeable χ (3) optical nonlinearities that mediate effective interactions between photons [14 and 15] . For strong nonlinearities, a number of theoretical works have investigated strongly correlated states of light, such as Mott insulators [16 and 17] . Special emphasis has been put on the intrinsic drivendissipative nature of fluids of light [18 and 19] , which crucially distinguishes such setups from cold atoms experiments. First experimental studies of photonic Mott insulator states are now starting to appear [20] .
The framework becomes even more intriguing in topological photonics models realized by means of synthetic magnetic fields for light [21] [22] [23] [24] . In combination with optical nonlinearities, this leads to the emerging field of nonlinear topological photonics. Already for moderate nonlinearities, peculiar soliton and vortex states have been anticipated [25] [26] [27] [28] [29] [30] , while the interplay of synthetic magnetism with strong interactions has been predicted to give fractional quantum Hall states of light [31 and 32] . First experimental steps in this direction have been recently reported [33] .
Without entering into the complexity of many-body problems, already at the two-body level the BoseHubbard model reveals one of the most profound effects of periodicity [34] , namely the formation of doublons, i.e. bound pairs, even for repulsive interactions. After their first observation with cold atoms [35] , the study of these peculiar two-particle states has developed into an active area of research from both the theoretical [36] [37] [38] [39] [40] [41] and the experimental point of view [42] [43] [44] [45] . In addition to the investigation of few-body edge localized states in standard Bose-Hubbard models [40 and 46] , a special attention has been devoted in the latest years to the two-body physics in lattice models displaying topologically nontrivial bands at the single-particle level, with the ambitious goal of shining light on the interplay of interactions and topology at the few-body level. In this sense, the topological configurations that have attracted most interest include the Su-Schrieffer-Heeger model (SSH) [47] [48] [49] [50] [51] [52] and the two-leg ladder with flux [45] in 1D, and the Haldane [53] and the Hofstadter [54] models in 2D. In these systems, the existence of two-body edge states that may or may not be topologically protected has been shown, as well as the formation of lattice molecules originating from the resonance of bound pairs with scattering states [48, 50, 53, and 55] .
A special feature of one-dimensional two-body systems is that they can be mapped onto two-dimensional single-particle systems, two-body interactions being included via external potentials, see Fig. 1(a,b) . The non-interacting nature of the final 2D system is then of utmost interest for optical implementations, since only linear optical elements are required. In our previous works [48 and 50] , we proposed to simulate the two-body physics of a 1D SSH model by means of two-dimensional lattices of evanescently coupled optical waveguides. In the present work, we focus on two-dimensional arrays of coupled resonators. While the two schemes share the advantage of being based on photonic structures that are relatively easy to build, control and scale, their dynamics is completely different and provides access to different aspects of the same physics [14 and 24] .
On one hand, waveguides give access to the conservative temporal dynamics starting from a given initial input state. As one can evince from pioneering experiments [44 and 56] , these systems are an excellent platform to probe dynamical properties such as the effective doublon hopping rate, the beating phenomena related to the overlap of the input state with few eigenstates, and the real-time formation of Feshbach pairs. Doublon edge states may be instead difficult to identify because their small hopping rate makes a long time evolution needed to assess localization, a problem that could, for instance, be circumvented by the recently introduced state-recycling technique [57] .
On the other hand, the intrinsically driven-dissipative nature of the resonators appears favourable in view of spectroscopic studies of the two-body problem using the general approach reviewed in [14] . Provided losses are kept at a moderate level, the different eigenstates of the Hamiltonian induce well-defined features in the reflection and transmission spectra: as we shall show in this work, resonant peaks can be associated with doublon bands and with doublon edge states of the equivalent 1D quan- tum non-dissipative problem. A full tomography of the two-body scattering, bound and edge states can then be performed by varying the pump position in space and recovering their spatial profile from the emerging light. Moreover, the steady state intensity pattern allows one to highlight Feshbach resonance effects in two-body scattering processes via doublon states.
For the sake of concreteness, we will concentrate our attention on the specific case of arrays of semiconductor micropillar cavities like the ones sketched in Fig. 1(c) , whose potential to realize various models of topological physics has been validated by a number of recent experiments [58] [59] [60] . Extension of our predictions to other platforms, such as the ring resonator arrays in Ref. [61] , is however straightforward.
The rest of the paper is organized as follows. The general two-body theory of doublon and doublon edge states in the interacting SSH model is reviewed in Sect. II A and the basic concepts behind the 1D to 2D mapping are recalled in Sect. II B. After a short review of the effective 2D driven-dissipative system, Sect. III presents our novel results: the spectroscopic signatures of doublon and doublon edge states in Sect. III A, the eigenstate tomography in Sects. III B and III C, and the evidence of a Feshbach resonance in III D. Conclusions and perspectives for future work are finally given in Sect. IV.
II. TWO-BODY PHYSICS IN THE SSH MODEL AND 1D TO 2D MAPPING: A BRIEF SUMMARY
This section is devoted to a brief summary of the twobody physics in the interacting SSH model in the standard conservative case and to a review of the mapping of the one-dimensional two-body problem onto a twodimensional single-particle one. Expert readers may skip this section and directly jump to Sect. III where our new results in the presence of driving and dissipation are presented.
A. Doublons and doublon edge states
We consider the one-dimensional (1D) Hermitian system with nearest-neighbor tunneling and on-site interactions sketched in Fig. 1(a) and described by the extended Bose-Hubbard Hamiltonian [63] 
Here,â † m andâ m are the creation and annihilation operators for bosons at site m, respectively, andn m =â † mâm a To represent the bulk doublon bands, we considered the results for periodic boundary conditions. In such case, as shown in Fig. 2(a,b) , doublon states for a given value of K are well-defined if no scattering states are available at the same energy. As soon as the doublon energy band enters the scattering continuum (or the single-particle edge state band), eigenstates acquire a hybridized nature and the distinction between doublon and scattering states is washed out. Physically, this mixing is responsible for a finite lifetime of the doublon states, possibly followed by revivals in a spatially finite system [62] .
is the local density operator. A variety of lattice geometries can be described just by tuning the energy offsets ω m , the tunneling amplitude J mn between the m, n nearest neighboring sites (J nm = J * mn ), and the on-site boson-boson interaction constant U . In particular, the Su-Schrieffer-Heeger (SSH) model is characterized by alternating hopping coefficients J 1,2 , constant U and constant ω m . For convenience of notation, we set ω m = 0 and use it as energy reference. In what follows, we will focus our attention on the two-particle sector of the interacting SSH Hamiltonian (1).
A comprehensive analysis of the two-boson physics in the SSH chain was reported in our recent publications [48 and 50] . We give here a short summary of the main results to prepare the reader to the driven-dissipative case that will be discussed in the following sections. Fig. 2 (a,b) shows the two-body energy spectrum as a function of the center of mass momentum K in a chain with periodic boundary conditions for a fixed ratio of the tunneling amplitudes J 2 /J 1 = 5 and two different values of the interaction strength U . In both cases, the twobody spectrum displays unbound scattering states (green bands) and tightly bound states, the so-called doublons (red bands). By varying U , the middle doublon band splits and crosses the upper scattering continuum. , and doublon edge states with both bosons simultaneously localized at the same edge of the array, either the weak-link edge (magenta dots) or the strong-link edge (black thick line). Note that some of the edge states shown in the spectrum lie very close to other bands and thus have long localization lengths on the order of few or tens of lattice sites. Furthermore, in the neighborhood of U ∼ 2J 2 where the middle doublon band (red band) enters the upper scattering continuum (green band), hybridization between scattering and bound states occurs. A similar hybridization takes place for U ∼ J 2 between the middle bulk doublon band and the upper single-particle edge states (blue band).
B. Mapping of the two-body problem in 1D onto a single-particle problem in 2D
In view of the mapping of the 1D two-particle problem onto a 2D single-particle one, it is convenient to write the wavefunction in the first-quantized form
where |m, n represents the state of two distinguishable particles, with the first particle at position m and the second at position n. The indistinguishable and bosonic nature of the particles is taken into account by imposing the symmetry condition c mn = c nm .
The eigenvalue problem for Hamiltonian (1) can then be recast in terms of the set of linear equations for the coefficients c mn
with
Coefficients c mn can thus be interpreted as the wavefunction of a single particle in a two-dimensional lattice of coordinates m, n, where H is the Hamiltonian ruling its dynamics [44, 56, 64, and 65] .
For the specific SSH model considered in this work, this mapping amounts in studying the dynamics of a single particle in the 2D lattice represented in Fig. 1(b) and already introduced in our previous works [48 and 50] . All lattice sites have constant energy ω m + ω n = 0 except for the sites on the main diagonal of the lattice characterized by a local potential energy offset U accounting for the on-site interaction in the corresponding 1D system. The alternating hopping parameters in 1D are mapped onto a specific structure of weak and strong couplings, as indicated in Fig. 1(b) by single or double connecting lines.
III. 2D DRIVEN-DISSIPATIVE SYSTEM
The central point of this work is to propose a spectroscopic method to experimentally highlight the different two-body states summarized in Sect. II A using a 2D array of coupled linear optical resonators. In contrast to the conservative temporal evolution typical of the experimental implementations in arrays of coupled optical waveguides [44 and 56] , our proposal relies on the drivendissipative nature of the cavity dynamics, whose steady state stems from a dynamical interplay of coherent pumping and dissipation [14] .
While our results are fully general and do not depend on the specific platform used to implement the 2D array, for the sake of concreteness, we will focus our attention on the specific case of semiconductor micropillar cavities sketched in Fig. 1(c) . Such systems [66] were demonstrated to allow an extreme flexibility in the design of the lattice geometry, ranging from 1D chains of many cavities [59 and 67] to 2D honeycomb lattices [58] .
Semiconductor micropillar cavities are typically designed to operate in the near infrared around 1.5 eV right below the semiconductor gap, so that the cavity photon mode can be strongly coupled to an exciton transition. Since our proposal does not involve any optical nonlinearity, different choices for the cavity photon frequency can however be made, e.g. to increase the cavity quality factor to very large values. In addition to the overall control of the cavity resonance frequency via the thickness of the cavity layer, a fine tuning can be obtained by varying the pillar diameter (typically in the d ≈ 3.0 µm range) and thus the transverse confinement energy of the photon. The strength of the coupling can instead be controlled via the distance between neighboring pillars. Typical values for the coupling energy are in the 0.25 meV range for distances in the ρ = 2.4 µm range [66] .
The driven-dissipative nature of the cavities can be included in the theoretical model by adding new terms describing coherent pumping and dissipative losses to the equations of motion in Eqs. (3,4) . The steady-state under a monochromatic pumping of frequency ω is described by (5) where c mn are the steady-state amplitudes of the field at site (m, n), H mnm n is the effective Hamiltonian of the closed system defined in Eq. (4), γ is the dissipation rate, E mn is the spatial amplitude profile of the incident monochromatic field driving the cavity modes with coupling constant κ. In order to isolate the physics of interacting bosonic particles, care must be paid to ensure that the pumping is symmetric, E mn = E nm .
As it was reviewed at length in [14] , the steady-state of the driven-dissipative system strongly depends on the frequency and the spatial profile of the coherent drive. In particular, the field intensity shows marked peaks when the external field is on resonance with some isolated eigenmode of the undriven system and the spatial profile of the pump overlaps with the eigenmode structure. The peak linewidth is controlled by the dissipation rate γ: the narrower this is, the more spectrally separated are the peaks from the surrounding features. In the next section, we will show how a suitable choice of the pump profile allows one to selectively address the different classes of states of the interacting two-body problem, including doublon and doublon edge states. Detailed information on their spatial structure can then be extracted, e.g., from a real-space image of the reflected or transmitted light.
A. Spectroscopy of doublons and doublon edge states
We start by focusing our analysis on doublons, namely bound states where the two particles are strongly localized in the relative coordinate, which correspond to a large intensity close to the main diagonal of the 2D array m = n and its neighbouring diagonals m = n ± 1 . Of particular interest are the doublon edge states, wherewith L odd -both particles are also simultaneously localized at one of the edges of the chain, corresponding to one corner of the 2D array, either near m = n = 1 (weak-link corner ) or m = n = L (strong-link corner ). In order to highlight the presence of these states, we consider a coherent pump localized on a single site of the main diagonal m = n of the 2D array and look at the steady-state total intensity I D3 summed over all pillars on the main diagonal m = n and next to it m = n ± 1. Figure 2(d) shows the spectrum of I D3 as a function of the driving frequency for a pumping position (m, n) in the vicinity of the weak-link corner and two different values of the dissipation coefficient γ = 0.1J 1 and 0.2J 1 . In both cases, the spectrum displays a series of marked and well isolated peaks. As expected, the spectral features are more evident for smaller dissipation γ = 0.1J 1 (blue line), which is however close to the state-of-the-art values of present-day samples [66] .
The physical origin of the peaks can be inferred by comparing their position with the energy of the two-body eigenstates displayed in Fig. 2(c) : dashed horizontal lines indicate the energy of the doublon edge states, while the red shaded areas indicate the energy of the bulk doublon bands. However, a detailed analysis of the behaviour of the peaks as a function of pumping position is useful to discern between different types of bound states, namely between bulk and edge bound states. To this aim, we zoom into the three specific frequency ranges corresponding to peaks I to V in Fig. 2(d) . For each peak, in Fig. 3(a-c) , we plot the evolution of the spectrum when the pump position is moved from one corner to the opposite one.
When pumping close to the weak-link corner, specifically in (2, 2), peak I emerges as a very marked feature at energy ω/J 1 ≈ −8.1, just below the bound state band [ Fig. 3(a) ]. By moving the pumping position towards the center of the lattice, peak I becomes smaller in amplitude and a broader structure develops in correspondence with the bulk bound states. Moving the pump towards the opposite corner (L, L), a single broad peak is left. The fact that no excitation at all is obtained when the first site (1, 1) is pumped is due to the spatial structure of the underlying eigenstates.
The steady-state intensity distributions |c mn | 2 for the two pumping schemes, pumping position (2, 2) at pump frequency ω/J 1 = −8.1 and pumping position (L, L) at frequency ω/J 1 = −7.8, corresponding to the maxima of the obtained spectra, are shown respectively in Fig. 3(d,i) : while the overall intensity distributions are relatively similar, the one obtained by pumping in (2, 2) and shown in panel (d) is much more localized, highlighting the edge-localized nature of the corresponding state that one is able to excite. Through this analysis, one can relate the peak at ω/J 1 = −8.1 obtained when pumping in (2, 2) to a quite extended doublon edge state that provides a dominant contribution to the spectrum when the pump is located next to the weak-link corner. On the other hand, the peak at ω/J 1 = −7.8 which dominates the spectrum when the pump is located away from this corner [panel (i)] is due to the doublon band.
Peak III presents a series of broad and structured features. A quantitative information about the underlying eigenstates can be extracted by comparing the steady state intensity profiles at the maxima for pumping at different positions. When pumping at a generic diagonal (m, m) position in the bulk, bulk doublons are created in doublon band states that ballistically move away from the pumping position within a characteristic distance fixed by the ratio of group velocity over γ.
Peaks II and IV in Fig. 2(d) are well separated from peak III and are related to very well localized doublon edge states. The very good localization properties of these states, connected to the appreciable energetic separation from the neighboring bands of single-particle edge states and bulk doublon states, is confirmed by the fact that the peaks quickly disappear when the pump position is moved away from the weak-link corner, as clearly shown in Fig. 3(b) . A very localized steady-state intensity pattern clearly emerges when pumping in (2, 2), as shown Fig. 3(e,g) .
Peak V in Fig. 2(d) shares some common features with peak I. When pumping close to a corner -in this case the strong-link corner at (L, L) -a relatively marked structure is present, which disappears and then shifts at slightly higher energies when moving the pumping position towards the opposite corner (2, 2). This seems to hint towards the doublon edge state localized at the strong-link edge of the 1D chain. As done above, some more information is obtained by looking at the steadystate intensity profiles, where one can actually observe signatures of a better localized doublon state for pumping in (L, L) at energy ω/J 1 = 12.9, shown in Fig. 2(k) , compared to a similar but not as much localized intensity distribution for pumping in (2, 2) at energy ω/J 1 = 13.03, shown in Fig. 2 
(h).
A clear-cut distinction between bulk and edge bound states can be obtained by looking at the intensity distribution for different values of γ smaller than the bulk doublon bandwidth: the intensity distribution of the edge bound state is expected not to change when γ is reduced (and the spectral feature correspondingly narrows); conversely, the general driven-dissipative theory for the ballistic propagation in band states [14] , predicts the propagation to occur up to a distance fixed by the ratio of group velocity over decay rate γ, corresponding to a spatial extension of the intensity distribution growing as γ −1 when a doublon band is excited.
These two typical behaviours emerge from the quantity r p = (x − m) 2 + (y − n) 2 plotted in Fig. 4(a,b) . We can identify cases (d,e,g) as the excitation of doublon edge states and cases (f,h,i,j) as the excitation of bulk doublon states. We have in fact checked that the saturation of curves (f,h,i,j) to the values around 15 in the very low γ limit is only due to the finite size of the system L = 21. On the other hand, the saturation for large γ occurs when losses are large enough to hinder propagation, at values corresponding to one or two lattice sites. Case (k), which is obtained by pumping in (L, L) site at frequency ω/J 1 = 12.9, may seem to show the same behaviour predicted for bulk doublon states. However, by slightly lowering the pumping frequency to ω/J 1 = 12.86, so to exactly match the doublon edge state frequency predicted in the non-dissipative system, the behaviour changes in a dramatic way, as shown by case (k') in Fig. 4(b) . The saturation value for r p at small γ is noticeably lower, highlighting the presence of an edge doublon state with very long localization length.
In the next Subsect. III B we will show how, for all the cases discussed above, important additional and more quantitative information can be obtained by performing a tomographic analysis of the eigenstates excited by a given pumping frequency.
B. State tomography
To gain further insight about the obtained steady-state patterns and their relation with the eigenmodes of the non-dissipative system, we project the stationary state |Ψ of the driven system onto the orthonormal basis of the eigenmodes |φ i of the corresponding lossless system. Since |Ψ is not necessarily normalized, the total overlap i | φ i |Ψ | 2 is not fixed (in particular not equal to unity) and can be interpreted as the effective coupling of a certain driving scheme to the underlying eigenstates of the system. We define the overlap with a given subset of states B, e.g. scattering states, doublon or edge states, as
where the sum is performed over all states i belonging to the given subset. As a simple but illuminating example, we analyze the composition of the steady state for U/J 1 = 5 and driving frequency in the range ω/J 1 ∈ [3, 7] . In this range of energies, one finds a pair of doublon edge states [magenta dots in Fig. 2(c) ], a single-particle edge-state band (blue region) and a narrower bulk doublon band (red region). In Fig. 5 , we show the overlap with such eigenstates as a function of driving frequency and for four different pumping positions. The contribution from the remaining states is shown by the gray dot-dashed line and turns out to be almost negligible for those parameters. Fig. 5 clearly shows that, depending on the choice of the pumping point and driving frequency, the stationary state can have dominant overlap with different eigenstates of the non-dissipative system. When pumping in corner (1, 1) as in Fig. 5(a) , one mainly excites with a very precise frequency selectivity the doublon-edge states (magenta solid line) or the bulk doublon band (red solid line). The overlap with such doublon states exhibits a truly resonant behavior with a linewidth related to the loss rate. For frequencies at which neither bulk nor edge doublon states are present, one observes a slighlty increased excitation of single-particle edge states (blue dashed line).
Moving the pumping profile along the weak-link border, e.g. at (m, n) = (1, 11)&(11, 1), the excitation of single-particle edge states (blue dashed line) is strongly enhanced as shown in Fig. 5(b) . Such states, in fact, are charaterized by an intensity distribution mostly localized along the two borders (1, n) and (m, 1) of the 2D lattice corresponding to a single particle localized at the weak-link edge of the 1D chain.
In the center of the frequency range, one still observes a significant excitation of the bulk doublon band (red solid line). One can observe that the red curve is much less affected than the magenta line when moving the pumping position away from the corner along the weak-link borders of the 2D array. Our interpretation is that for pumping positions on the weak-link borders of the 2D array, one actually accesses single-particle edge states that are strongly hybridized with bulk doublon states. To confirm such interpretation, we pump at position (m, L) and (L, n) located on the opposite strong-link borders, where such hybridisation phenomenon can not take place as no single particle edge states are present. As expected, none of the selected states is indeed excited [see Fig. 5(c) ]. Moving further to the opposite corner (L, L) of the 2D array, no strong-link edge state (neither single nor twoparticle) is excited, but a very strong overlap with bulk doublon states is recovered, as expected and shown in Fig. 5(d) .
C. Eigenmode reconstruction
While the results of the last subsection confirm the capability of the pump to selectively excite different classes of eigenmodes depending on its position and frequency, they are not easily amenable to experimental implementation as they require a complete phase-sensitive information on the field amplitude and some a priori knowledge of the states. In this section, we propose an alternative scheme that is able to reconstruct the intensity profile of the dominant eigenmode by mapping the total steadystate intensity as a function of pumping position.
The potential of this scheme is illustrated in the colorplots displayed in Fig. 6 : in each panel, the pump frequency and the lattice parameters are kept fixed, and the total intensity in the array is shown as a function of the pump location. In particular, panel (a) refers to a pump frequency exciting a state with a single particle bound to an edge and the second one being free to move. Panel (b) shows the excitation of scattering states with both particles free to propagate. Panel (c) shows the excitation of doublon edge states and, finally, panel (d) illustrates the excitation of a doublon band.
A key advantage of this method is that it automatically performs a sum over all states within a bandwidth set by the loss rate γ. When one deals with a single isolated discrete state [e.g. the bound edge states of (c)] or an isolated narrow band of states [e.g. the doublon band of (d)], the sum is complete and the spatial distribution is a faithful representation of the states under examination. If one is dealing with a broader band, artifacts may instead appear due to the selective population of states within a limited bandwidth, resulting in the spatial oscillations that are well visible in (a,b).
D. Feshbach resonance
As it was highlighted in Ref. [48] and summarized in Sect. II A, for suitable values of U (namely U ∼ 2J 2 ) the middle band of bulk doublon states crosses the upper scattering continuum. As a consequence, the eigenstates acquire a mixed scattering and bound character. In analogy to Feshbach resonance physics, this allows for the creation of an intermediate bound state during the scattering of two colliding particles.
We now illustrate how this physics can be addressed in the 2D driven dissipative system considered in this work. To this purpose, one needs to pump sufficiently far away from the diagonal (while of course maintaining the bosonic symmetry E mn = E nm ) at frequency close to the resonance position [crossing between red and green bands in Fig. 2(a-c) ]. In this way, the analog of an initial state with a pair of spatially separated incident particles is generated. The resonant nature of the scattering process then shows up as an enhanced steady-state intensity on the main diagonal when the frequency matches the appropriate resonance value for a given interaction strength U , namely when ω ∼ U .
In particular, we consider interaction strengths fixed to U/J 1 = 9, 10, 11 and scan the pumping frequency in the range ω/J 1 ∈ [8, 12] , spanning the upper scattering continuum. In this frequency window, hybridization between scattering and bound states corresponds to a sizeable steady-state intensity on the diagonal sites when the incident wave is resonant with the doublon bound state. This effect is responsible for the resonant behaviour observed in Fig. 7(a) . This interpretation is further corroborated by the shift of the resonant peak as a function of the interaction strength, which matches the shift of the doublon state with U visible in Fig.2(c) .
To conclude, in Fig. 7(b) , we present an example of the steady-state intensity distribution for a pump frequency at the peak of the resonance: stripes emerging from the pumped sites correspond to independent propagation of the two particles. The X-shaped arrangement of the stripes reflects the diamond-like shape of the isoenergy curve in k-space for pumping in the middle of the band of scattering states. Particle collisions occur when these stripes hit and convert into a localized feature along the main diagonal, which corresponds to bound doublon states that are populated during the collision process.
IV. DISCUSSION AND OUTLOOK
In this work, we have shown how the quantum physics of two interacting particles in a one-dimensional chain can be simulated using a two-dimensional array of coupled linear resonators. Information on the eigenstates of the quantum problem can be retrieved by purely classical means from the transmission and reflection spectra of the optical system. By tuning the frequency of the incident light, the spatial shape of the different eigenstates can be inferred from the spatial profile of the transmitted light and fully reconstructed from the dependence of the total transmitted intensity on the pumping location.
While this idea applies to generic models, our attention was focused on a Su-Schrieffer-Heeger chain with two alternating tunneling constants and on-site interactions, which shows a relatively simple but already very rich physics. For instance, our proposed configuration allows one to recover fundamentally quantum objects such as repulsively bound boson pairs as well as to visualize Feshbach resonance features in the two-body scattering problem.
While arrays of semiconductor micropillar cavities turn out to be a most promising platform for the experimental implementation of our proposal, our results straightforwardly extend to generic cavity arrays in the visible, infrared or even microwave region of the spectrum, as well as to the waves of different nature such as sound.
A direct next step of this work will be to assess the promise of our scheme to characterize the two-particle physics in more complex one-dimensional lattices and to extend our study to the fermionic case. While nextneighbor or even longer range interactions are straightforwardly included via a potential energy shift that extends over one or more sites around the main diagonal, the Fermi statistics can be enforced by implementing spatially anti-symmetric pump profiles. On the long run, a far more ambitious challenge will be to make use of the synthetic dimension concept [68] to simulate two-body physics in two-dimensional lattices using an effectively four-dimensional lattice.
